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(57) ABSTRACT

A voltage dependent resistor includes a ceramic body and an
clectrically conductive structure for external connection.
The ceramic body has two opposite surfaces and a side
surface connecting the two opposite surfaces, and at least
one of the two opposite surfaces 1s formed with at least one
protrusion at a position adjacent to the side surface. As the
protrusion makes the opposite surfaces of the ceramic body
non-planar, the voltage dependent resistor 1s capable of
suppressing the occurrence of flashover firelight during
surge 1mpact, so that its capability of withstanding surge
impact 1s enhanced and 1ts lifespan 1s prolonged. In addition,
such structural arrangement 1s capable of preventing ceramic
plates from adhering with each other when they are stacked
with each other during the sintering stage of a green com-
pact, thereby simplilying the post-processing procedures
and minimizing the defect rate.
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1
VOLTAGE DEPENDENT RESISTOR

PRIORITY CLAIM

This application claims priornity to R.O.C. Patent Appli-
cation No. 107215421 filed Nov. 13, 2018, the entirety of
which 1s incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a voltage dependent
resistor having a prolonged lifespan and having an enhanced
capability of suppressing the occurrence of flashover fire-
light, withstanding high surge impact, and preventing
ceramic plates from adhering with each other during the
sintering stage.

BACKGROUND OF THE INVENTION

As the surge or transient overvoltage caused by lightning
strikes, switching actions or damaged parts would directly
disturb or even destroy electronic components or electronic
circuits, voltage depedent resistors, also known as varistors,
being a surge absorber with excellent surge absorption
capability, have been widely applied as a protective com-
ponent for overvoltage or surge absorption of electronic
components or electronic circuits. However, when a con-
ventional voltage dependent resistor encounters an exces-
sively high overvoltage or surge impact or a persistent
overvoltage, 1t will usually cause electronic components to
blast instantaneously or the temperature will continue to
rise, which can eventually cause electronic components to
burn out and result 1n safety problems.

Conventional surge protection circuits are commonly
provided with a voltage dependent resistor. The voltage
dependent resistor has superior nonlinear resistance charac-
teristics. In the case where the circuit 1s subjected to a
transient overvoltage or surge, the voltage dependent resis-
tor will act immediately to suppress overvoltage and absorb
surge energy to protect electrical equipment and electronic
components. If the ftransient overvoltage or surge 1is
extremely large, overly persistent or occurs frequently, 1t 1s
bound to cause the voltage dependent resistor to deteriorate
in performance or even fail. Furthermore, when the voltage
dependent resistor receives excessively high surge or per-
sistent overvoltage, the voltage dependent resistor will
quickly break down and even cause a fire. It 1s important that
the voltage dependent resistor’s capability of withstanding,
surge 1mpact should be improved.

At present, 1n a manufacturing process of a voltage
dependent resistor, an additional processing procedure 1is
required to separate an upper ceramic body from a lower
ceramic body, which increases the manufacturing costs and
time.

SUMMARY OF THE INVENTION

An object of the invention 1s to provide a voltage depen-
dent resistor having a prolonged lifespan and having an
enhanced capability of suppressing the occurrence of flash-
over firelight, withstanding high surge impact, and prevent-
ing ceramic plates from adhering with each other during the
sintering stage.

The voltage dependent resistor according to the invention
comprises a ceramic body, and an electrically conductive
structure electrically connected to the ceramic body and
adapted for external connection. The ceramic body com-
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prises two opposite surfaces and a side surface connecting
the two surfaces. At least one of the two opposite surfaces
1s formed with at least one protrusion at a position adjacent
to the side surface. As the protrusion makes the two opposite
surfaces of the ceramic body non-planar, the voltage depen-
dent resistor’s capability of suppressing the occurrence of
flashover firelight during surge impact 1s enhanced, whereby
its capability of withstanding surge impact 1s improved and
its lifespan 1s prolonged. In addition, such structural arrange-

ment 1s capable of preventing ceramic plates from adhering
with each other when they are stacked with each other
during the sintering stage of a green compact, thereby
simplifying the post-processing procedures and minimizing,
the defect rate.

In the preferred embodiments, at least one of the two
opposite surfaces of the ceramic body 1s formed with a
protrusion configured 1 an annular closed loop extending
along the side surface.

In the preferred embodiments, at least one of the two
opposite surfaces of the ceramic body 1s formed with three
protrusions. In more preferred embodiments, the three pro-
trusions are circumierentially and symmetrically distributed
on the at least one of the opposite surfaces of the ceramic
body and spaced out 120 degrees apart, when the ceramic
body 1s viewed from top.

In the preferred embodiments, the electrically conductive
structure comprises a {irst electrode and a second electrode
disposed on the two opposite surfaces, respectively, and a
first terminal and a second terminal. The first terminal 1is
disposed at one end thereof on the ceramic body 1n such
manner that it 1s electrically connected to the first electrode,
while the other end of the first terminal extends beyond the
ceramic body. The second terminal 1s disposed at one end
thereol on the ceramic body in such manner that it 1s
clectrically connected to the second electrode, while the
other end of the second terminal extends beyond the ceramic
body.

In the preferred embodiments, the voltage dependent
resistor further comprises an isulating layer coated outside
of the ceramic body, so that the first and second electrodes
and the one ends of the first and second terminals are
embedded.

In the preferred embodiments, the protrusion has connec-
tion surfaces connected to the ceramic body.

In the preferred embodiments, the connection surfaces are
independently configured mto a form selected from the
group consisting of a planar form and an arcuate form.

In the preferred embodiments, the connection surfaces are
inclined with respect to the opposite surfaces.

In the preferred embodiments, the connection surfaces are
arranged substantially perpendicular to the opposite sur-
faces.

-

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more readily apparent
to those ordinarily skilled in the art after reviewing the
following detailed description and accompanying drawings,
in which:

FIG. 1 15 a perspective view of a ceramic body according,
to the first embodiment of the invention;

FIG. 2 1s a partially enlarged schematic view of the
ceramic body according to the first embodiment of the
invention;

FIG. 3 1s a partially enlarged schematic view of a ceramic
body according to the second embodiment of the invention;
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FI1G. 4 1s a partially enlarged schematic view of a ceramic
body according to the third embodiment of the mvention;

FIG. 5 1s a partially enlarged schematic top view of a
ceramic body according to the fourth embodiment of the
invention; 5

FIG. 6 1s a schematic top view ol a ceramic body
according to the fifth embodiment of the mmvention;

FIG. 7 1s a schematic top view of a ceramic body
according to the sixth embodiment of the invention;

FIG. 8 1s a schematic view of the ceramic bodies accord- 10
ing to the invention being stacked during the manufacturing
process; and

FIG. 9 1s a schematic view of a voltage dependent resistor

according to the mvention.
15

L1
M

ERRED

DETAILED DESCRIPTION OF PR
EMBODIMENTS

In order to facilitate the examiner’s understanding of the
technical features, content and advantages of the present 20
invention and the ethicacies 1t can achieve, the present
invention will be described 1n detail as follows 1n the form
of embodiments and with reference to the accompanying
drawings. The drawings used herein are merely for the
purpose of 1llustration and supplement for the present inven- 25
tion, and may not be the true proportions and precise
configurations after the implementation of the present inven-
tion. Therefore, relationships between the proportions and
configurations of the attached drawings should not be used
to interpret or limit the scope of claims in the actual 30
implementation.

FIG. 1 and FIG. 2 are perspective view and partially
enlarged schematic view of a ceramic body according to a
first embodiment of the mvention, respectively. As shown,
the voltage dependent resistor includes a ceramic body 1 and 35
a conductive structure for external connection. The ceramic
body 1 includes two opposite surfaces 11, 12 and a side
surface 13 connecting the two surfaces 11, 12. At least one
of the surfaces 11, 12 1s formed with at least one protrusion
14 at a position adjacent to the side surface 13, and the 40
protrusion 14 1s protruded from the surfaces 11, 12 by a
height of 0.01 mm to 1 mm. According to the embodiment
shown 1n the drawings, the surfaces 11 and 12 of the ceramic
body 1 are both provided with protrusions 14, and each of
the protrusions 14 1s formed at 1ts both sides with connection 45
surfaces 141, 142 connected to the surface 11 or 12 of the
ceramic body 1. The connection surfaces 141, 142 may be
planar 1n shape and 1inclined towards inner and outer sides of
the protrusion 14 at an inclination angle between 10 and 90
degrees. Alternatively, the connection surfaces 141, 142 may 50
be configured 1n an arcuate form as shown in FIG. 3. Still
alternatively, the connection surfaces 141, 142 may be
planar in shape and substantially perpendicular to the sur-
face 11, 12, as shown in FIG. 4. While the connection
surfaces 141 and 142 are shown in the embodiments above 55
to have the same configuration, they may be configured into
different configurations. For instance, they may be config-
ured 1n planar configurations inclined at different angles, or
one of them 1s configured in planar form with the other being
arcuate in shape. 60

According to the fourth embodiment shown in FIG. 5, at
least one of the surfaces 11, 12 of the ceramic body 1 may
be formed with a protrusion 14, and the protrusion 14 1s
configured 1n a closed annular loop extending along the side
surface 13. The ceramic body 1 may be 1n a disc form, and 65
the protrusion 14 may be configured into a circular configu-
ration. Alternatively, according to the fifth embodiment

4

shown 1 FIG. 6, the surfaces 11, 12 of the ceramic body 1
may be formed with three separate protrusions 14 circum-
terentially and symmetrically distributed on the surfaces 11
or 12 of the ceramic body 1 and spaced out at an equal angle
apart. In other words, the three protrusions 14 are spaced out
120 degrees apart, when the ceramic body 1 1s viewed from
the top. In the fourth and fifth embodiments described
above, the ceramic body 1 and the protrusion 14 may be, by
way ol example, configured in a circular form, when the
ceramic body 1 1s viewed from the top. Alternatively, the
ceramic body 1 and the protrusion 14 may be 1n a rectan-
gular shape according to the sixth embodiment shown 1n
FIG. 7.

According to the invention, since the protrusion 14 1is
formed on at least one of the surfaces 11, 12 of the ceramic
body 1, 1t makes the surfaces 11, 12 non-planar, as shown in
FIG. 8. Such non-planar configuration tends to prevent
ceramic plates from adhering with each other when they are
stacked with each other during the sintering of a green
compact, thereby simplifying the post-processing proce-
dures and minimizing the defect rate.

The ceramic body 1 according to the invention 1s adapted
to be combined with an electrically conductive structure to
constitute a voltage dependent resistor. As shown 1n FIG. 9,
the conductive structure may include a first electrode 21 and
a second electrode 22, and a first terminal 31 and a second
terminal 32. The first and second electrodes 21, 22 are
disposed on the surfaces 11, 12, respectively. The first
terminal 31 1s disposed at one end thereof on the ceramic
body 1 1n such manner that 1t 1s electrically connected to the
first electrode 21, whereas the other end of the first terminal
31 extends beyond the ceramic body 1. The second terminal
32 15 disposed at one end thereof on the ceramic body 1 1n
such manner that 1t 1s electrically connected to the second
electrode 22, whereas the other end of the second terminal
32 extends beyond the ceramic body 1. The first and second
terminals 31, 32 form an arcuate configuration along the
protrusions 14, respectively. The voltage dependent resistor
may be further coated with an insulating layer 40, so that the
first and second electrodes 21, 22, as well as the one ends of
the first and second terminals 31, 32, are embedded. The first
and second electrodes 21, 22, the first and second terminals
31, 32, and the insulating layer 40 are made of matenals
known 1n the art, which are thus not described herein.

According to the invention, the at least one protrusion 1s
configured to protrude from the surface of the ceramic body
and reside close to the side surface of the ceramic body. By
virtue of such structural arrangement, the voltage dependent
resistor incorporated with the ceramic body 1s capable of
suppressing the flashover firelight eflect of the first and
second electrodes on the side surface of the ceramic body
and the msulating layer during a surge impact. As a result,
the voltage dependent resistor 1s improved in terms of its
capability of withstanding surge impact and 1ts lifespan.

In summary, the imvention provides a preferred and fea-
sible voltage dependent resistor. While the mvention has
been described with reference to the preferred embodiments
above, 1t should be recognized that the preferred embodi-
ments are given for the purpose of illustration only and are
not mtended to limit the scope of the present invention and
that various modifications and changes, which will be appar-
ent to those skilled 1n the relevant art, may be made without
departing from the spirit and scope of the invention.

What 1s claimed 1s:

1. A voltage dependent resistor comprising:

a ceramic body comprising two opposite surfaces and a

side surface connecting the two opposite surfaces,
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wherein at least one of the two opposite surfaces is
formed with at least one protrusion at a position adja-
cent to the side surface; and

an electrically conductive structure electrically connected

to the ceramic body and adapted for external connec-
tion, wherein the electrically conductive structure com-
prises a first electrode and a second electrode, which
are disposed on the at least one of the two opposite
surfaces without covering the at least one protrusion, so
that the at least one protrusion 1s arranged to protrude
beyond the first electrode and the second electrode.

2. The voltage dependent resistor according to claim 1,
wherein at least one of the opposite surfaces of the ceramic
body 1s formed with a protrusion configured in an annular
closed loop extending along the side surface.

3. The voltage dependent resistor according to claim 1,
wherein at least one of the opposite surfaces of the ceramic
body 1s formed with three protrusions.

4. The voltage dependent resistor according to claim 3,
wherein the three protrusions are circumierentially and
symmetrically distributed on the at least one of the opposite
surfaces of the ceramic body and spaced out 120 degrees
apart, when the ceramic body 1s viewed from top.

5. The voltage dependent resistor according to claim 2,
wherein the electrically conductive structure comprises a
first terminal and a second terminal, wherein the first ter-
minal 1s disposed at one end thereot on the ceramic body in
such manner that 1t 1s electrically connected to the first
electrode, while the other end of the first terminal extends
beyond the ceramic body, and wherein the second terminal
1s disposed at one end thereof on the ceramic body in such
manner that it 1s electrically connected to the second elec-
trode, while the other end of the second terminal extends
beyond the ceramic body.

6. The voltage dependent resistor according to claim 5,
turther comprising an 1sulating layer coated outside of the
ceramic body, so that the first and second electrodes and the
one ends of the first and second terminals are embedded.

7. The voltage dependent resistor according to claim 2,
wherein the at least one protrusion has connection surfaces
connected to the ceramic body.
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8. The voltage dependent resistor according to claim 7,
wherein the connection surfaces are mdependently config-
ured 1to a form selected from the group consisting of a
planar form and an arcuate form.

9. The voltage dependent resistor according to claim 7,
wherein the connection surfaces are inclined with respect to
the opposite surfaces.

10. The voltage dependent resistor according to claim 7,
wherein the connection surfaces are arranged substantially
perpendicular to the opposite surfaces.

11. The voltage dependent resistor according to claim 4,
wherein the electrically conductive structure comprises a
first terminal and a second terminal, wherein the first ter-
minal 1s disposed at one end thereof on the ceramic body in
such manner that it i1s electrically connected to the first
electrode, while the other end of the first terminal extends
beyond the ceramic body, and wherein the second terminal
1s disposed at one end thereof on the ceramic body in such
manner that it 1s electrically connected to the second elec-
trode, while the other end of the second terminal extends
beyond the ceramic body.

12. The voltage dependent resistor according to claim 11,
turther comprising an insulating layer coated outside of the
ceramic body, so that the first and second electrodes and the
one ends of the first and second terminals are embedded.

13. The voltage dependent resistor according to claim 4,
wherein the at least one protrusion has connection surfaces
connected to the ceramic body.

14. The voltage dependent resistor according to claim 13,
wherein the connection surfaces are imndependently config-
ured 1n a planar or an arcuate form.

15. The voltage dependent resistor according to claim 13,
wherein the connection surfaces are inclined with respect to
the opposite surfaces.

16. The voltage dependent resistor according to claim 13,
wherein the connection surfaces are arranged substantially
perpendicular to the opposite surfaces.
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